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ABSTRACT 

R e s u l t s  o f  t he  Env i ronmen ta l  Cont ro l /Thermal  working 
g r o u p  s e s s i o n s  for t h e  October  8-11, 1968, AAP LM-A PDR are  
summarized i n  t h e  f o l l o w i n g  memorandum. H i g h l i g h t s  i n c l u d e :  

An i n c r e a s e  i n  t h e  CM t o  LM-A O2 t r a n s f e r  r a t e  t o  
1 9 . 4  l b s / h r .  

I n c r e a s e d  redundancy i n  t h e  water p r e s s u r e  c o n t r o l  and 
EVA O2 s u p p l y  l i n e s .  

Means t o  t r a n s f e r  water from t h e  CM t o  t h e  LM-A s t o r a g e  
t a n k s .  

F u r t h e r  a n a l y s i s  i s  needed t o :  

Determine r e a l i s t i c  a tmosphere i n t e r c h a n g e  c o n d i t i o n s  
between t h e  LM-A and i t s  docked module. 

crew comfort  c r i t e r i a .  
S p e c i f y  ATM CDC t e m p e r a t u r e s  i n  r e l a t i o n  t o  t h e  NASA 

Determine i f  t h e  p r e s e n t  RCS plume d e f l e c t o r s  are a d e q u a t e  
t o  p r o t e c t  t h e  stowed ATM s o l a r  arrays.  

u n c l a s  
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MEMORANDUM FOR FILE 

The AAP LM-A P r e l i m i n a r y  Design Review ( P D R )  was h e l d  
a t  G A E C ,  Bethpage,  N e w  York. Working g roups  m e t  on October  8-9, 
and pre-board  and b o a r d  mee t ings  were h e l d  Oc tobe r  10-11, 1968. 
The Envi ronmenta l  Cont ro l /Thermal  s e s s i o n s  were a t t e n d e d  by 
D. P .  Woodard/MLS, J .  E .  Waldo/MLS, and J .  Marsh/MLT f o r  N A S A  
H e a d q u a r t e r s .  A comple te  l i s t  of  t h e  working g roup  and t h e  agenda 
are a t t a c h e d .  

On October  8 ,  1968, t h e  working g roup  was b r i e f e d  on 
t h e  s y s t e m  f o r  t h e  PDR c o n f i g u r a t i o n  and " p o s t  PDR data" .  The 
PDR c o n f i g u r a t i o n  and s u p p o r t i n g  documenta t ion  were a c c o r d i n g  t o  
t he  m i s s i o n  r e q u i r e m e n t s  e x i s t i n g  on J u l y  2 9 ,  1968.* E f f e c t s  of 
changes s i n c e  t h e  c u t o f f  da te  were i n c l u d e d  i n  a second se t  o f  
s c h e m a t i c s ,  e t c . ,  l abe led  "pos t  PDR data".  The changes a f f e c t i n g  
ECS/Thermal  are d e l e t i o n  o f  t h e  ARS s u i t  l oop  and new water 
s t o r a g e  and i n t e r f a c e  r e q u i r e m e n t s .  

The f o l l o w i n g  s e c t i o n s  o f  t h e  LM-A e n v i r o n m e n t a l  c o n t r o l  
subsys tem,  t o g e t h e r  w i t h  s u p p o r t i n g  documenta t ion ,  were r ev iewed  
b y  t h e  ECS/Thermal  working group:  

(1) OSCPCS - oxygen supp ly  and c a b i n  p r e s s u r e  c o n t r o l  
s e c t i o n ,  

( 2 )  AECVS - atmosphere exchange and c a b i n  v e n t i l a t i o n  
s e c t i o n ,  

( 3 )  HTS - heat  t r a n s p o r t  s e c t i o n ,  

( 4 )  HRS - heat r e j e c t i o n  s e c t i o n ,  

( 5 )  WMS - w a t e r  management s e c t i o n ,  

( 6 )  LCGSS - l i q u i d  coo led  garment s u p p o r t  s e c t i o n .  

*LM-A Requirements  Document-Revision E ,  upda ted  b y  l e t t e r  
ARL 225-46, J u l y  2 9 ,  1968.  
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I n  a d d i t i o n ,  ( 7 )  t h e  d e s i g n  of  t h e  RCS plume d e f l e c t o r s  (-x 
a x i s  t h r u s t e r s )  and ( 8 )  c o o l i n g  of  t h e  ATM c o n t r o l s  and d i s -  
p l a y s  c o n s o l e  ( C D C )  l o c a t e d  i n  t h e  LM-A c a b i n  were c o n s i d e r e d .  
Group d i s c u s s i o n s  o f  t h e s e  t o p i c s  and recommended changes t o  
the subsys t em are summarized i n  t he  f o l l o w i n g  p a r a g r a p h s .  More 
d e t a i l s  can b e  s u p p l i e d  by the  a u t h o r s .  

(1) OSCPCS 

A s c h e m a t i c  o f  t h e  LM-A OSCPCS i s  g i v e n  i n  F i g u r e  1. 

( a )  I n c r e a s e  t h e  CM t o  LM-A O2 t r a n s f e r  r a t e  from 15 l b s / h r  
t o  1 9 . 4  l b s / h r .  A h i g h e r  t r a n s f e r  r a t e  w i l l  r e d u c e  
c a b i n  r e p r e s s u r i z a t i o n  time and p e r m i t  i n c r e a s e d  flow 
f o r  EVA. 

( b )  P r o v i d e  r edundan t  p r e s s u r e  c o n t r o l  l i n e s  f rom t h e  
r e f e r e n c e  p r e s s u r e  s o u r c e  assembly t o  t h e  water 
p r e s s u r e  r e g u l a t o r s ;  make the  r e f e r e n c e  p r e s s u r e  
s o u r c e  assembly r e l i e f  v a l v e  r e d u n d a n t .  These 
changes s h o u l d  decrease t h e  p o s s i b i l i t y  of  r e f e r e n c e  
p r e s s u r e  l o s s  t o  t h e  water p r e s s u r e  r e g u l a t o r s .  

( c )  I n s t a l l  an O2 f i l t e r  i n  t h e  accumula to r  - r e g u l a t o r  
pa th ;  u se  f i l t e r s  w i t h  p r e s s u r e  r e l i e f  by-pass  
f e a t u r e s  for non-redundant p a t h s .  

Equip  t h e  O 2  p r e - b r e a t h i n g  s t a t i o n s  w i t h  d i s c o n n e c t s  
and f low l imi te rs  as p r o v i d e d  i n  t h e  O 2  u m b i l i c a l  
s u p p l y ;  i n s t a l l  a r edundan t  O2 p r e s s u r e  r e g u l a t o r  
a s sembly .  These changes w i l l  p r o v i d e  a r edundan t  
O2 supp ly  f o r  EVA. 

Reduce t h e  docked i n t e r f a c e  leak r a t e  from 0 . 1  l b / h r .  
t o  0 . 0 5  l b / h r .  MSC f e e l s  t h a t  NR data  s u p p o r t s  a 
lower  leak r a t e .  

( d )  

( e >  

(2) AECVS 

P r e l i m i n a r y  d e s i g n  has assumed t h a t  a tmosphere  exchange 

The LM-A ECS has no  c a p a b i l i t y  f o r  removing l a t e n t  heat 
o r  f o r  condensa t ion  c o n t r o l .  
was e l i m i n a t e d  b y  removal  o f  t h e  s u i t  c i r c u i t .  

C o n d i t i o n s  of a tmosphere exchange between t h e  LM-A and 
t h e  docked module r e q u i r e  s p e c i f i c a t i o n ;  namely: 

between t h e  LM-A and t h e  docked module w i l l  be  i s o t h e r m a l .  

( a >  
The o r i g i n a l  c a p a b i l i t y  

( b )  
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supp ly  flow r a t e ;  

s u p p l y  t e m p e r a t u r e ;  

s u p p l y  dew p o i n t .  

A n a l y s i s  s h o u l d  be per formed t o  d e t e r m i n e  r e a l i s t i c  
i n t e r c h a n g e  c o n d i t i o n s ,  

( c )  The C E I ,  ASP 247-1, as now w r i t t e n ,  i s  pre-PDR o r i e n t e d .  
C o n s i d e r a b l e  work i s  r e q u i r e d  t o  i n c l u d e  changes r e s u l t -  
i n g  from removal  o f  t h e  s u i t  c i r c u i t  and t h e  o r i g i n a l  
a tmosphere r e v i t a l i z a t i o n  s e c t i o n .  

The need f o r  a C 0 2  p a r t i a l  p r e s s u r e  s e n s o r  i s  ques-  
t i o n e d .  C 0 2  could b u i l d  up i n  l o c a l i z e d ,  low v e l o c i t y  
areas. 

( d )  

The post-PDR HTS/HRS s c h e m a t i c  i s  shown i n  F i g u r e  2 .  

F e a t u r e s  of  t h e  secondary  HTS l o o p  have  been  removed 
and t h e  secondary  r e c i r c u l a t i o n  pump has been  
replumbed i n t o  t h e  r e m a i n i n g ,  p r imary  l o o p .  An 
a u t o m a t i c  s w i t c h o v e r  i s  p r o v i d e d  from pump 1 t o  
pump 2 ( o p e r a t e d  from a d i f f e r e n t i a l  p r e s s u r e  s e n s o r ) .  
The t h i r d  pump i s  c o n t r o l l e d  manual ly .  

c o o l i n g ,  v e n t  i n t o  t h e  SLA volume. T h i s  was n o t  
c o n s i d e r e d  t o  p r e s e n t  a major  c o n t a m i n a t i o n  problem. 

( a )  

( b )  The f r e o n  b o i l e r s ,  f o r  p re - l aunch  and low a l t i t u d e  

( a )  The r a d i a t o r s  ( 1 0 0  f t  2 maximum area)  are d e s i g n e d  t o  
o p e r a t e  f rom 4000 t o  700 BTU/hr w i t h  an  abso rbed  
e x t e r n a l  i n p u t  of 30 t o  40 BTU/hr .  f t . 2  
are c o a t e d  w i t h  S-13G p a i n t  hav ing  a s o l a r  a b s o r p t i v i t y  
o f  .18 +*i2 and an e m i s s i v i t y  of .85  + .05 .  

The p a n e l s  

- - 
( b )  The d e s i g n  o p e r a t i n g  r a n g e  i s  ach ieved  b y :  

v a r y i n g  t h e  c o o l a n t  f l o w  r a t e  (number of  
o p e r a t i n g  pumps),  

r e g e n e r a t i v e  heat exchange r s ,  
manual on-off v a l v e  t o  by-pass  t h e  heat  
exchangers .  
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The post-PDR WMS s c h e m a t i c  i s  g i v e n  i n  F i g u r e  3. 

Recharge c a p a b i l i t y  f rom t h e  CM i s  t o  b e  p r o v i d e d  
which w i l l  r educe  t h e  r e q u i r e d  number o f  water 
t a n k s  from 4 t o  3. 

( a )  

( b )  The 490 w a t e r  module i s  r e t a i n e d  from t h e  LM. 
S u g g e s t i o n s  were made t o  r e d e s i g n  t h e  module t o  
a v o i d  s e v e r a l  compromises and t o  p r o v i d e  i n c r e a s e d  
redundancy and r e l i a b i l i t y .  

( 6 )  LCGSS 

The post-PDR LCGSS s c h e m a t i c  i s  a t t a c h e d ,  F i g u r e  4 .  

A number o f  q u e s t i o n s  were r a i sed  as t o  t h e  h e a t  
r e j e c t i o n  adequacy of  t h e  LCGSS. 
( t y p e  2 2 4 )  w i l l  r e j e c t  2000 BTU/hr a t  an o u t l e t  
t e m p e r a t u r e  o f  4 5 O F  and a c o o l a n t  f l o w  r a t e  of  230 l b s / h r .  
A R I D  was s u b m i t t e d  t o  p r o v i d e  2500 BTU/hr c o o l i n g  a t  t h e  
same o u t l e t  t e m p e r a t u r e  and f low r a t e .  

( a )  
The p r e s e n t  e v a p o r a t o r  

(b) A d d i t i o n a l  R I D ' S  are:  

p r o v i d e  a u t o m a t i c  s w i t c h i n g  f rom pump 1 t o  
pump 2 i n  b o t h  pump assemblies; 

p r o v i d e  d u p l i c a t e ,  p a r a l l e l  u m b i l i c a l  i n l e t  
and o u t l e t  water d i s c o n n e c t s  to each  pump- 
sub l i m a t  or 1 oop ; 

e q u i p  each i n l e t  and o u t l e t  u m b i l i c a l  p a t h  
w i t h  shu t -o f f  v a l v e s  ; 

r e p l a c e  t h e  p r e s e n t  s u b l i m a t o r s  and a s s o c i a t e d  
equipment w i t h  CM t y p e  water b o i l e r s  and  
a s s o c i a t e d  equipment .  

The hea ters  i n  each l o o p  have  1 2 5  wat ts  c a p a c i t y ,  
m a i n t a i n  t h e  minimum loop  t e m p e r a t u r e  a t  4OoF, and 
r e q u i r e  approx ima te ly  3/4 h o u r  t o  d r y  o u t  t h e  s u b l i m a t o r .  

( c >  

( 7 )  RCS Plume D e f l e c t o r s  

( a )  Using GAEC d a t a ,  t h e  p r e s e n t  d e f l e c t o r  d e s i g n  i s  m a r g i n a l .  
The s towed ATM solar a r r a y  s h o u l d  n o t  exceed  24O0F. 
d e f l e c t o r  d e s i g n  r e s u l t s  i n  a plume heat i n p u t  o f  about  
1 / 2  s o l a r  c o n s t a n t .  
a t u r e  of t h e  e x t e r n a l  p a n e l  i s  g r e a t e r  t h a n  200°F i n  
d i r e c t  s u n l i g h t .  
t e m p e r a t u r e .  

The 

The s t e a d y  s t a t e  e q u i l i b r i u m  temper- 

Plume h e a t i n g  w i l l  i n c r e a s e  t h i s  
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( b )  A R I D  was s u b m i t t e d  t o  e s t ab l i sh  f i r m  r e q u i r e m e n t s  
f o r  t h e  d e f l e c t o r  pe r fo rmance  and t o  modify t h e  
p r e s e n t  d e s i g n  i f  n e c e s s a r y .  

( 8 )  ATM CDC 

( a )  C r e w  comfort  i s  s t r o n g l y  a f f e c t e d  by t h e  CDC temper- 
a t u r e :  

a warmer p a n e l  I m p l i e s  a c o o l e r  c a b i n  g a s  
t e m p e r a t u r e ,  

a c o o l e r  p a n e l  r e q u i r e s  a more e l a b o r a t e  
c o o l a n t  ne twork .  

A r e a l i s t i c  s e t  of comfor t  c o n d i t i o n s  s h o u l d  b e  
d e f i n e d  s o  t h a t  t h e  d e s i g n  can be comple ted .  

The a l l o w a b l e  c o o l a n t  p r e s s u r e  d rop  a c r o s s  t h e  
CDC c o l d  p l a t e s  must  b e  r e s o l v e d :  

( b )  

GAEC i s  u s i n g  2 p s i d ,  

Bendix i s  u s i n g  3 .5  p s i d .  

4. I: J 4 d  
D. P .  Woodard 

1022-JEW- DPW mef 1 
J .  E .  Waldo 

At tachments  
F i g u r e s  1 -4  
Agenda 
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